Kudoa septempunctata is the causative agent of a foodborne disease associated with the consumption of raw Paralichthys olivaceus olive flounder . Chickens were used to establish specific antibodies against K. septempunctata spores. A specific antiserum, CS#3, raised against sonicated spores, also recognized intact spores. The CS#3 antiserum showed high titers for sonicated and intact K. septempunctata spores and was suitable for both ELISA and immunohistochemical staining. Using homogenated raw olive flounder meat, the ELISA system detected more than 5.0 10 5 spores in 1 g of tissue, which was consistent with the number determined by microscopic examination. The preparation of rapid detection kits for K. septempunctata spores in P. olivaceus muscle tissue using immunochromatography with CS#3 antiserum should be useful for preventing the foodborne disease in the field.
INTRODUCTION
Outbreaks of a foodborne disease associated with the consumption of raw Paralichthys olivaceus olive flounder have increased within the last decade in Japan, and there are now an average of more than 100 cases per year Kawai et al, 2012 . The causative agent of this novel foodborne disease is Kudoa septempunctata Kawai et al., 2012 . K. septempunctata
Enzyme-linked immunosorbent assay ELISA and competitive ELISA
ELISAs were performed as previously described Kikuchi et al., 1991 . A dilution buffer of 0.1% casein-PBS C-PBS was used throughout this study, and all washes were completed with 0.05% Tween 20-PBS. Briefly, 50 l of sonicated Kudoa spores [40 g wet weight /ml] were added to a 96-well flat-bottomed plate. The plates were centrifuged 1,600 g at 4 C for 15 min and incubated at 4 C overnight. Before the assay, the wells were blocked with C-PBS for 30 min and washed three times. Serially diluted antiserum was added to the wells and incubated at room temperature for 60 min. After washing, -galactosidase-conjugated goat anti-chicken IgG antibody American Qualex Antibodies, San Clemente, CA, USA in C-PBS was added to each well and incubated for 60 min. After washing, 4-methylumbelliferyl--D-galactoside substrate in 0.1 M phosphate buffer-1.5 mM MgCl 2 -0.1 M 2-mercaptoethanol pH 7.2 was added to the wells and incubated at 37 C for 60 min. Enzyme activity was determined by fluorescence intensity using a Arvo-SX Perkin Elmer, Waltham, MA, USA . The titer of antiserum against K. septempunctata was defined as the reciprocal of the dilution that yielded half maximum binding. The antiserum was then tested for use against K. septempunctata spores in olive flounder. Briefly, 100 mg of the trunk muscles of the olive flounder and 1.0 ml of 10% glucose-PBS were homogenated using a MultiBeads Shocker Yasui Kikai, Japan . After centrifugation 20,000 g for 5 min, the supernatants 50 l were added to the wells. Plates were centrifuged 1,600 g at 4 C for 15 min and incubated overnight at 4 C. The plates were treated as described above. The results confirmed that the antiserum recognized coated K. septempunctata spores as the solid-phase antigen.
In competitive ELISA, appropriately diluted inhibitors or samples were added to antigen-coated wells and incubated, in a total volume of 50 l, with the CS#3 serum diluted to a concentration giving half-maximal binding. Wells were treated as described above, and the ratio of fluorescence intensity in the presence of an inhibitor to that in the absence of the inhibitor B/Bo was determined. The IC 50 value is defined as the concentration of inhibitor giving 50% inhibition.
Immunostaining
Kudoa spores were immunostained using the chicken anti-Kudoa antiserum CS#3 with a modified peroxidase protocol Sumi et al., 1993 . After deparaffination and hydration of the tissue sections, endogenous peroxidase activity was removed. The sections were then
MATERIALS AND METHODS

Preparation of Kudoa spores
P. olivaceus meat infected with K. septempunctata was obtained from the fish farm at the Forestry and Fisheries Research, Oita Prefectural Agriculture. A portion was used for purification of K. septempunctata, while the rest was used to test the ELISA assay. The spores were purified from the trunk muscles of olive flounders using Percoll density gradient centrifugation Chase et al., 2001 . The purified intact spores were suspended in 50% glycerin-phosphate-buffered saline PBS and sonicated using a Sonifier Cell Disruptor 185 power 1.5, 60 sec, 4 C Branson Ultrasonics, Danbury, CT, USA . The BCA protein assay was used to determine protein concentration Thermo Scientific, Rockford, IL, USA . One milligram wet weight of sonicated K. septempunctata spores was equivalent to 3.2 g of bovine serum albumin BSA .
Microscopic examination of Kudoa spores
The number of Kudoa spores in raw fish meat was counted using a hemocytometer Kawai et al., 2012 . A 1-g portion of P. olivaceus muscle tissue was suspended in 4 mL of phosphate-buffered saline PBS and sieved through a 200-μm nylon sheet. The extract was passed through a 100-μm cell strainer BD and centrifuged at 1500 g for 15 min at 4 C. The pellet containing Kudoa spores was suspended in 1 mL of PBS, and any spores that were present were counted using a hemocytometer.
Strains
K. iwatai was obtained from the muscle tissues of Acanthopagrus latus obtained from Oita Prefecture. P. olivaceus muscle tissues infected with K. lateolabralis and K. thyrsites were obtained from Oita and Ehime Prefectures, respectively.
Preparation of Antiserum
Chicken anti-Kudoa antiserum was raised against sonicated K. septempunctata spores as previously described Matsuda et al., 1999 . Briefly, 1.5 mg wet weight of sonicated K. septempunctata spores in 150 μl of 50% glycerin-PBS combined with an equal volume of alum solution was used as an immunogen. Four 12-week-old White Leghorn chickens Line-M 6, Nippon Institute for Biological Science, Japan were immunized with intramuscular injections of 1.5 mg of the immunogen at 14-to 28-day intervals. ELISApositive antiserum against K. septempunctata spores was obtained from one of the Leghorns and labeled CS#3.
overlaid with goat serum Dako, Glostrup, Denmark for 30 min and CS#3 1:200 for 50 min at room temperature. Normal chicken serum Nippon Biotest Laboratories, Tokyo, Japan was used as an immunostaining control. After washing, HRP-conjugated goat anti-chicken IgG 1:400 American Qualex Antibodies, San Clemente, CA, USA was allowed to react with the sections for 30 min at room temperature. The sections w e re s t a i n e d w i t h 0 . 0 2 % 3 , 3 ' -d i a m i n o b e n z idine-0.003% H 2 O 2 -50 mM Tris-HCl pH 7.4 for 10 min at room temperature, followed by washing with running tap-water. The sections were then counterstained with hematoxylin, dehydrated, cleared, and mounted.
Olive flounder was used as an immunohistochemical control. Sections prepared from tissues infected with K. septempunctata or without infection were stained in the same manner as described above.
RESULTS
Production and characterization of the chicken anti-
Kudoa antiserum
The reactivities of the chicken anti-Kudoa antiserum CS#3 were investigated after it was obtained following immunization with sonicated K. septempunctata spores. To validate the ELISA system, K. septempunctata spore content in the trunk muscles of the olive flounder was determined by both ELISA and microscopic exami-was adaptable for detection of K. septempunctata sporoplasm inversion of Caco-2 cells by indirect immunofluorescence Ohnishi et al, 2013 .
The CS#3 antiserum raised against sonicated spores also recognized intact spores. Consequently, this competitive ELISA system is applicable for specific detection of both sonicated and intact spores. The ratio of IC 50 values of CS#3 antiserum for sonicated and intact K. septempunctata spores intact spores/sonicated spores was 2. 86 FIG. 2A . It is possible the system tends to underestimate the content of Kudoa spores in intact samples. Thus, we homogenized raw materials using a Multi-Beads Shocker to estimate Kudoa spore content before using the ELISA system. nation. Using homogenated raw olive flounder meat, the ELISA system found more than 5.0 10 5 spores in 1 g of tissue FIG. 4 . The number of spores determined by ELISA was consistent with that obtained by microscopic examination.
DISCUSSION
Several monoclonal antibodies mAbs have been raised against K. thyrsites spores Chase et al., 2001 . They recognize polar capsules, polar filaments and spore surface antigens. However, hybridoma techniques were not able to produce mAbs with sufficient specificity and affinity to detect K. septempunctata spores. Attempts to raise rabbit polyclonal antisera against K. septempunctata spores have also failed. It is well known that the chicken is a useful animal for the development of the specific antibodies against the mammalian conserved proteins. In this study, chickens were then used to acquire specific antibodies against Kudoa spp.
From one of four immunized Leghorn chickens, an ELISA-positive anti-K. septempunctata serum CS#3 was obtained. The CS#3 antiserum was suitable for both ELISA and immunohistochemical staining, and   FIG. 4 . Correlation between K. septempunctata spore content in raw olive flounder meat determined by ELISA and microscopic examination. Homogenated raw olive flounder meat 1 to 20; black bars was coated onto the wells. Homogenated olive flounder meat infected with positive control, P; magenta bars or without negative control, N; cyan bars K. septempunctata spores, and sonicated K. septempunctata spores K; yellow bars were also coated onto wells of each plate. The coated plates were then used for ELISAs with CS#3 antiserum as described under MATERIALS AND METHODS. The panels show fluorescence intensity bars on the vertical axis versus spore contents as determined by microscopic examination horizontal axis . Each panel shown as distinct ELISA-plate. Bars represent means SD n=6 . a Counts of K. septempunctata spores in tissues by hemocytometer; -, not detected.
FIG. 3.
Immunostaining of Kudoa spores using the chicken anti-K. septempunctata serum. P. olivaceus muscle tissues infected with K. septempunctata A, B , K. lateolabralis C or K. thyrsites D were subjected to hematoxylin and eosinstaining A or immunohistochemical staining with CS#3 B-D as described under MATERIALS AND METHODS. P. olivaceus muscle tissue without Kudoa spp infection was used as an immunohistochemical control E . Scale bars are 100 m.
To confirm the efficiency of the ELISA for detection of K. septempunctata spores in raw olive flounder meat, the system was tested using raw olive flounder with or without K. septempunctata infection. More than 5 10 5 K. septempunctata spores per gram of meat per assay was detected by the ELISA FIG. 4 . From 35 outbreaks of unidentified food-borne illness associated with the consumption of raw fish, it was observed that there were 2.4 10 6 median Kudoa spores in one gram of each food-borne outbreak sample Kawai et al., 2012 . The specificity of the CS#3 antiserum makes it appropriate for use in the estimation of Kudoa spore content in food-borne outbreak samples. In addition, the ELISA system established in this study might be applicable to the simultaneous evaluation of a large number of raw fish meat.
Competitive ELISA showed that CS#3 antiserum is less reactive with the spores of K. iwatai, which is a parasite of the Perciformes species FIG. 2B . However, immunohistochemical staining revealed that CS#3 reacts with the spores of K. lateolabralis or K. thyrsites, which are parasites of the olive flounder FIGS. 3C and 3D . Therefore, the antiserum appears to cross-react with at least two other species of Kudoa spores in raw fish meat. These results suggest that this anti-Kudoa serum recognizes a common structure of Kudoa that parasitizes raw fish meat. At present the toxicities of both K. lateolabralis and K. thyrsites are unknown. Nevertheless, this ELISA system seems to be useful for the monitoring and detection of Kudoa species in food-borne disease specimens. The preparation of rapid detection kits for K. septempunctata spores in P. olivaceus muscle tissue using immunochromatography is now in progress.
